In experiments originally designed to examine selective turnover of methylated "caps" in renal mRNA, we observed that [3H~methyl label decayed from mRNA containing poly(A) with a half-life of 1-2 hr. (Caps are blocked, methylated mRNA sequences of the general structure m7GpppNm or 2)NP.)
To examine a possible regulatory function of methylated sequences in mRNA, we compared the relative stability of ['4C ]orotate accumulated in mRNA as expected for its slow chase kinetics (12) , most of [3H]methyl label in mRNA decayed with a half-life of 1-2 hr. To determine whether this rapid decay resulted from metabolism of shortlived mRNA or discriminate "cap" turnover, we compared residual [3H]methyl label in 5' and 3' mRNA fragments prepared from mRNA isolated during the decay period. The results show that mouse kidney contains rapidly turning-over mRNA and that the "caps" of these labile mRNAs are metabolized synchronously with the rest of the mRNA molecule. RNA was deproteinized at pH 9.0 as described (13, 14) . Precipitated ribonucleoprotein, dissolved in 10 ml of 10 mM Tris-HCI (pH 9.0), 0.10 M NaCl, 10 
RESULTS

Precipitation of polyribosomes with MgCl2
A reliable technique simple enough to permit replicate analysis was essential for preparing undegraded cytoplasmic poly(A)+ mRNA, since the average kidney poly(A)+ mRNA molecule contains only two to three methylated residues per 1000 nucleotides (14) . Precipitation of polyribosomes and cytoplasmic ribonucleoproteins with 70 mM MgCl2 (16) (17) (18) satisfied this requirement (Fig. 1) . As shown in Fig. 1c , precipitation was complete; poly(A)+ mRNA and 28S and 18S rRNAs were absent from the MgCl2-soluble fraction. Separation of the particulate and soluble cytoplasmic fractions was better than obtained by sedimentation of polysomes in sucrose density gradients, since the gradient region sedimenting slower than nominal 40 S was contaminated with small ribosomal subunits not found in the MgCl2-soluble fraction (Fig. 1) . In addition to having a similar sedimentation pattern ( Fig. 1) , poly(A)+ RNA from MgCl2-precipitated ribonucleoprotein had poly(A) content, methyl content, and labeling characteristics identical to poly(A)+ mRNA prepared from sedimented polyribosomes (14, 19) . Since 97% of labeled polysomal poly(A)+ RNA is released from the polyribosomes with EDTA (19) , and since 70 mM MgCl2 quantitatively precipitates polyribosomal ribonucleoprotein ( Fig. 1) , we conclude that the poly(A)+ mRNA from MgCl2-precipitated ribonucleoprotein is the same population as that derived from polyribosomes. Half-life of methyl-labeled mRNA In earlier experiments using [3H]orotate for labeling of RNA, renal poly(A)+ mRNA was observed to decay with half-lives of 6 hr and 24 hr (12) . In the present study, since the extent of mRNA methylation was low, the decay kinetics of methyllabeled mRNA were determined using double-isotope analysis with [14Cjorotate and [methyl-3H]methionine to provide an internal mRNA marker with known kinetics of decay. Kidneys were analyzed for both 3H and 14C radioactivity in poly(A)+ mRNA and rRNA at various times after injection of label ( Fig.  2 ). Since the half-life of rRNA in mouse kidney is approximately 5 days (20) cluded analysis on DEAE-Sephadex columns. As an alternative, we prepared an mRNA fraction enriched in "caps" by limited alkaline hydrolysis of poly(A)+ mRNA at 00 (1) followed by separation of poly(A)+ and poly(A)-fragments of the hydrolyzed molecules by oligo(dT)-cellulose chromatography. For a native poly(A)+ mRNA population of uniform size, production of one single-strand break per molecule will result in only 50% of the label binding to oligo(dT)-cellulose upon reselection (22) . In our experiments, 52% of orotate label in mRNA was bound to oligo(dT)-cellulose after cold alkaline hydrolysis (see legend to Fig. 3) , and the poly(A)+ and poly(A)-fragments had equivalent sedimentation properties (Fig. 3) , suggesting native molecules were left with one single-strand break by the procedure. However, since renal mRNA has a heterogeneous size distribution (19) Although chemical analysis of "caps" in renal mRNA is not complete, methyl-labeled mRNA from kidney contains an alkaline-resistant oligonucleotide that has two to three methyl residues and a charge of -4 to -5 (14) . The distribution of this oligonucleotide in poly(A)-and poly(A)+ fractions (Fig. 3) selection on oligo(dT)-cellulose was dissolved in 3 ml of ice-cold 10 mM NaCl. One milliliter of mRNA solution was precipitated immediately with added cold 18S rRNA in 2 volumes of 95% ethanol. The remaining mRNA was adjusted to 0.1 M NaOH at 00 and incubated with shaking at 00 for 3 min. After the hydrolysate was neutralized with an equal volume of ice-cold 1 M HCl, it was diluted with an equal volume of 100 mM Tris-HCl (pH 7.4), 1 .0 M NaCl, and 0.2% Sarkosyl. during the short hydrolysis, but the enrichment of the poly(A)-fragments for the oligonucleotide should still permit selective turnover of "caps" to be detected.
Turnover of [3Hlmethyl label in the 3' and 5' mRNA fragments If the rapid decay of [3H]methyl label resulted from turnover of "cap" structures only, and label was not directly reutilized, the percent of mRNA methyl label in the poly(A)+ fragments after alkaline hydrolysis at 00 should increase rapidly once chase (25, 26) . Such necessarily long chase periods after labeling with pyrimidine precursors probably prevented detection of rapidly turningover mRNAs, although Berger and Cooper (28) , labeling human lymphocytes with uridine, described cytoplasmic poly(A)+ RNA with a 17-min half-life. In our experiments, short-lived renal mRNA, not detectable after orotate labeling, was observed with methionine labeling, because the radioactive methionine pool is depleted rapidly after injection of label (11) . Similar rapid chase kinetics of the [3H]guanosine pool allowed Puckett et al. (27) to demonstrate mRNA with a 1-to 2-hr half-life in HeLa cells.
Studies of nuclear and cytoplasmic poly(A) labeling have implied that a simple precursor-product relationship could not exist for these cellular RNAs (29) . Kinetic models constructed on the assumption that cytoplasmic mRNA is long-lived require nuclear poly(A) turnover and/or cytoplasmic turnover of poly(A) to resolve the data (29) . It has been argued that a kinetic model with quantitative transfer of nuclear poly(A) to the cytoplasm can be constructed if short-lived mRNA exists (27, 28) . To the extent that our results describe rapidly metabolized mRNA, they suggest that explanations of the kinetics of cytoplasmic poly(A) accumulation should be re-evaluated.
Recent data have shown that 5' "caps" in eukaryotic mRNA are heterogeneous with a general structure m7G5'-ppp5' Nmp(1,2)Np, where N is any nucleoside (1-10). Perry et al. (9) reported the distribution of m7G5'ppp5' NmpNp and m7G5'ppp5' NmpNmpNp varied with the labeling period since the larger "cap" predominated early, but decreased in relative amount as the labeling time was extended. These data imply that short-lived mRNAs may have 5' terminal sequences different from more stable mRNAs and suggest a possible correlation between mRNA stability and "cap" structure. It seems clear that the "caps" in short-lived renal mRNA are not degraded or metabolized independently of whole mRNA molecules, but these results do not exclude the possibility of separate cap" turnover in more stable mRNAs. The last two timepoints in Table 2 suggest both of these events may be taking place. Changing the labeling conditions in vivo should permit selective methylation of stable mRNAs and further studies of the relationship between "cap" structure and stability of mRNA sequences in the cytoplasm.
